The use of tobacco products constitutes the leading cause of preventable deaths in the world. In Egypt, data on the national prevalence of cigarette and waterpipe smoking are lacking, yet such data are vital to tobacco control efforts. We designed and implemented a sampling method to generate population-based prevalence estimates for tobacco smoking in Egypt. In 2005, a total of 3369 adults ages 18 and above, including 1867 females and 1502 males, participated in the survey. Among males, the national prevalence of former cigarette smoking was 18.1%, and 27.5% reported current smoking. Exclusive current waterpipe smoking was reported by 7.2% of adult males, and a further 3.4% reported smoking both waterpipes and cigarettes. Tobacco smoking was rarely reported by females; among them the national prevalence of current cigarette smoking was 0.3%. This study produced the first robust estimate of the national prevalence of cigarette and waterpipe smoking in Egypt based on a rigorous probability sample. Along with the more recent Global Adult Tobacco Survey, carried out by the World Health Organization in 2009, the results will be useful in assessing smoking trends in Egypt and in evaluating the impacts of recent tobacco control laws.
Introduction
The use of tobacco products constitutes the leading cause of preventable deaths in the world. To address this global epidemic, an international framework for tobacco control was initiated in 1995. On May 21, 2003 , a landmark date for public health, the 192 member states of the 56th World Health Assembly unanimously adopted the world's first public health treaty, the Framework Convention on Tobacco Control [1] .
In order to fully implement the Framework Convention on Tobacco Control and assess trends in use, governments require reliable data on the prevalence of all forms of tobacco consumption. In Egypt, as in many countries, effective tobacco control and prevention policies have been hindered by a lack of reliable statistics on the prevalence of smoking practices. Until the Global Adult Tobacco Survey in 2009 [2] , no national prevalence data were available in Egypt, and thus there was a major gap in knowledge regarding smoking prevalence at the time of our survey in 2005. In addition, smoking rates may vary between population subgroups and between males and females as a result of cultural norms regarding smoking behaviors in Egypt [3] , and it is important to explore these variations. There are also possible socio-cultural differences in smoking behaviors between urban and rural areas. Finally, Egypt is well known for the use of waterpipes (shisha) for tobacco smoking [4] , and at the time of the study national prevalence estimates were almost entirely lacking for this method of smoking. Therefore, our study aimed to produce the first robust estimates of the national prevalence of cigarette and waterpipe smoking in Egypt.
Materials and Methods
This study was designed to provide an assessment of the prevalence of cigarette smoking and waterpipe smoking among adult males and females (age 18 and above) in the general population of Egypt in 2005. We used a multi-stage probability strategy to obtain a sample of individuals who self-reported their cigarette and waterpipe (shisha) smoking habits.
The 323 districts of Egypt defined by the Central Agency for Public Mobilization and Statistics were divided into six strata based on geography. In the first stage of the survey, we randomly sampled 20% of the districts within each stratum, yielding 65 primary sampling units. Each district is divided by the Central Agency for Public Mobilization and Statistics into villages in rural areas and into police districts in urban areas. We randomly selected two villages or police districts and within each sampled village or police district, two streets were randomly chosen. From each street seven or eight buildings were systematically sampled. Within each building, a single household was randomly selected, from which one household was randomly chosen, and within each household one adult male and one adult female were randomly selected. Once the survey team identified the sampled individuals, they were invited to participate in the survey. For all stages, the random number generator function of MS Excel was used to provide tables of random numbers.
Using the questionnaire responses (see Appendix for the survey instrument), individuals were categorized as never-smokers, former smokers, current smokers, or experimental smokers of cigarettes. Never smokers were defined as those who had never smoked cigarettes in their lifetime. Experimental smokers were those who had smoked more than one but less than 100 cigarettes in their lifetime. Those who had smoked at least 100 cigarettes in their lifetime were categorized as either former or current smokers [5] . Former smokers were those who had not smoked during the last month, while current smokers had smoked in the past 15 days. For some analyses we broadened the definition of current smokers to include those who had smoked in the past 30 days. Separate questions were asked about waterpipe smoking, from which the respondents were categorized as never, experimental, former, or current waterpipes smokers, using the cutoff point of smoking in the past 30 days to distinguish between former and current waterpipes smokers. Using weights based on the sample design, we obtained the weighted prevalence point estimate and its 95% confidence interval (CI) for each type of smoking behavior, for males and females separately and for urban and rural areas separately. This study was approved by the Institutional Review Boards of the University of Maryland, Baltimore, and the Ministry of Health and Population of Egypt. Written informed consent was obtained from all participants.
Results

Study Population
The implementation of this sampling method resulted from field work conducted in 65 (20%) of the 323 admin-istrative districts of Egypt and produced a list of 3613 adults who were scheduled to be contacted. Of these, 174 (3.8%) were not at home when the survey team arrived and also missed the repeat visit, 10 subjects (<1%) who were contacted refused to participate, and a further 130 subjects (2.8%) were excluded due to incomplete data. A total of 1938 households participated, of which 334 (17%) contributed only one respondent. The 3369 adult respondents with complete data were included in the statistical analyses. This included 1502 males and 1867 females, with median ages of 40 and 37, respectively. The overall participation rate was 93.2%.
Prevalence of Cigarette Smoking in Males
Among males, our results estimated a national prevalence of 46.9% (95% CI 41.8 -52.1) never smokers at the time of the study ( Table 1 ). Experimental cigarette smokers had a national prevalence of 7.4% (95% CI 5.1 -10.8), and former smokers had a national prevalence 18.1% (95% CI 14.2 -22.9). Current cigarette smoking (in the past 15 days) was practiced by 27.5% of males (95% CI 23.4 -31.9). Since males with a low income may not have been able to afford daily smoking, we also revised the definition of current smoking to include cigarette smoking in the past 30 days, which may have more accurately reflected smoking behavior in this group [6] . The revised definition yielded an estimate of 31.1% males currently smoking cigarettes (data not shown) at the time of the study (95% CI 26.5 -36.0).
Prevalence of Cigarette Smoking in Females
Cigarette smoking was rarely reported by females: our results estimated a national prevalence of 97% for never smokers (95% CI 96.9 -98.8), a prevalence of 1.6% for experimental smokers (95% CI 0.8 -2.3), and 0.8% for former smokers (95% CI 0.1 -0.9) ( Table 1) . For females we used the broader definition of current smoking (in the past 30 days), which, as in males, may have more accurately reflected smoking behavior in Egypt [6] . According to this definition, current cigarette smoking was practiced by 0.3% of females (95% CI 0.1 -1.1).
Urban and Rural Areas
Cigarette smoking prevalence was similar between urban and rural populations: the prevalence of never smokers among males was 47.3% in rural areas compared to 46.6% in urban areas, and 17.9% and 18.4% were former smokers, respectively. Current cigarette smoking was practiced by 28.6% (95% CI 23.1 -34.9) of rural males vs. 26.3% of urban males (95% CI 20.7 -32.9). Similarly, there were no significant urban-rural differences in smoking prevalence among adult females.
Age of Initiation of Cigarette Smoking
Survey respondents were asked to report the age at which they first tried smoking cigarettes. Among males who had ever tried smoking, 60% were aged 15 years or younger, and 88% had tried it by age 20. Among females the age at initiation shifted slightly to the older age categories, with 60% initiating by age 20 and 87% by age 25.
Waterpipe (Shisha) Smoking
A total of 84 males (5.6%) reported exclusively smoking shisha currently, while 16.9% were exclusive cigarette smokers at the time of the survey. Current users of both smoking methods comprised 4.1% of the respondents. The remainder (20.5%) were experimental and former smokers of cigarettes or shisha. Over one third of males (36.8%) never smoked cigarettes or waterpipes. Table 2 shows the joint distributions of cigarette smoking and waterpipe smoking in the sample of males. The number of females (N = 5) who reported using waterpipes was too small to permit meaningful analysis.
Discussion
We designed and implemented this sampling method to obtain a random, stratified sample of individuals to be interviewed in their homes regarding their tobacco smoking habits. The survey was designed to generate robust estimates of the national prevalence of these behaviors among adults in Egypt in 2005. For adult males, the prevalence of current cigarette smoking was 27.5% (defined as smoking in the past 15 days) and 31.1% (defined as smoking in the past 30 days). The 15-day metric corresponds to the stricter definition of smoking, frequently used in other research. The 30-day metric may more accurately reflect the range of typical smoking behavior in Egypt, because it includes numerous non-daily smokers [6] . These prevalence estimates predict a total population of 5 -8 million adult male cigarette smokers based on the 2005 population, while another 1.9 million were currently smoking waterpipes. In contrast, very few adult women reported that they were current or former smokers of any type of tobacco product. In 2005, at the time of the study, no national prevalence surveys of smoking in Egypt had been published. A systematic survey of the general population in 2009, the Global Adult Tobacco Survey (GATS), found that 37.7% of the Egyptian male population used some form of tobacco product [2] , whereas our study found the prevalence of current smoking among adult males to be 27.5% in 2005. The lower smoking prevalence reported in this study among adult males compared to the results in GATS might be attributed to different definitions of current smoking in the two surveys. The GATS definition relied on reporting of smoking on a daily basis regardless of whether participants had smoked 100 cigarettes in their lifetime, whereas we defined current smokers as those who had smoked at least 100 cigarettes in their lifetime and had smoked in the past 30 days. Our study found a similar prevalence of smoking among females to that found in GATS-with 0.6% of the Egyptian female population having reported use of some form of tobacco in GATS, compared to 0.3% of females reporting smoking cigarettes in our survey (the number of females who reported using waterpipes in our survey was too small to permit meaningful analysis.) Several studies had estimated smoking prevalence in specific subgroups at the time of our study in 2005. The Global Health Professionals Survey reported that among 1770 third year medical students from 14 Egyptian medical schools, 12.9% of males and 1.2% of females were current smokers of cigarettes, and an additional 11.9% and 1.4%, respectively, were currently smoking water pipes [7] . In a convenience sample of 2120 persons ages 15 -86 years in the general population of the city of Alexandria, Egypt, the overall prevalence of current tobacco smoking of all types combined was 48.5% among males and 1.5% among females [8] . Three other studies in Egypt have yielded data on group waterpipe smoking among males. A study in 2001 of a community in the Nile Delta found that 10.6% of males reported group waterpipe smoking [9] . A study in 2002 in a community in Upper Egypt found that 13% of males reported group waterpipe smoking [10] . Finally, a study in 2004 in the Sharkia Governorate found that 14.6% of males reported group waterpipe smoking [11] .
One of the challenges in characterizing tobacco smoking in low resource countries, including Egypt, is the lack of consistent definitions of smoking behaviors and patterns in published reports, especially regarding smoking among adults. Moreover, waterpipe smoking has rarely been queried or reported in studies appearing in the international peer-reviewed literature. This situation is in marked contrast to the Global Adult Tobacco Survey, which included cross-country comparisons of smoking behavior based on the application of consistent definitions and comparable survey methods.
Estimations of tobacco smoking prevalence in the general population of adults in the Middle East and North Africa have mostly been extrapolated from convenience sampling. Patients attending health care facilities are one example of the use of this sampling approach in studies of tobacco use. In a study of 1534 adult subjects attending primary health facilities in Saudi Arabia, the proportions of current and former smokers were 25.3% and 10.2%, respectively [12] . In another study of 634 subjects in that country, 34.4% self-reported current smoking and a further 16.4% reported former smoking [13] . In Jordan, a study of 5000 persons with coronary heart disease in screening clinics reported a prevalence of tobacco smoking of 45% among men and 11% among women [14] . The above studies would likely over-estimate the national prevalence of tobacco smoking in their respective countries due to selection bias, as smokers may be more likely than non-smokers to seek health care for smoking-related diseases.
Alternative study designs have included surveys of non-treatment seeking individuals. In Saudi Arabia, for example, parents of schoolboys were surveyed regarding tobacco smoking; the study found that 32% of fathers and 4% of mothers of 1482 boys (ages 6 -15 years) reported smoking [15] . Also in Saudi Arabia, a household-based survey on tobacco smoking habits using a stratified cluster sampling technique found that 21.1% of males and 0.9% of females reported currently cigarette smoking [16] . In Jordan, questions about tobacco smoking and other behavioral risk factors for chronic diseases were included in a national, cross-sectional employment survey of adults in 2002, using a national sampling frame; the results revealed that 51% of males and 8% of females reported currently smoking cigarettes [17] . In Lebanon, a study was carried out via a multilevel cluster sampling technique, stratified by district, and the authors reported an adult smoking prevalence of 53.6% [18] . A household survey carried out in urban areas in Sousse, Tunisia, using a two-stage systematic sampling method reported that 61.4% of adult males and 4.2% of adult females reported smoking [19] . It is unclear whether these highly variable results across countries reflect cultural differences, variations in sampling methods and definitions of smoking, or differences in tobacco prevention policies and programs.
Among the limitations of our study was the small number of self-reported adult female smokers. This may have been because women might not have felt free to discuss their tobacco smoking habits during a household-based interview, in comparison to other venues such as waterpipe cafes [3] .
Conclusion
This study, based on data from 2005, produced the first estimates of the national prevalence of cigarette and waterpipe smoking in the general population of Egypt obtained from a stratified random sample with a high participation rate. Along with the more recent Global Adult Tobacco Survey, carried out by the World Health Organization in 2009, these results are important for tobacco control efforts at the national and local levels, particularly as the public sector in Egypt continues to design and implement policies to enforce tobacco control laws. One of the major implications of our findings is the strong likelihood that, due to the high prevalence of adult male cigarette and waterpipe smoking, levels of environmental tobacco smoke are likely to be very high in homes and workplaces. As a result, many women, children, and other non-smokers are likely being exposed. This is supported by the results of the Global Youth Tobacco Survey in Egypt, in which 38.0% of the participating children reported being exposed to environmental tobacco smoke at home and 52.9% reported living with at least one parent who smoked [20] . Other results from Global Youth Tobacco Surveys in the region have reported similar findings, ranging from 40.3% of children being exposed to environmental tobacco smoke at home in Libya [21] to 78.9% in Lebanon [22] . Moreover, recent projections for tobacco smoking rates have predicted rapid increases among both men and women in the Eastern Mediterranean region, pointing to the need for enhanced measures for tobacco control [23] . The Egyptian government in particular can contribute to tobacco control by continuing to implement policies and programs in line with the Framework Convention on Tobacco Control, with a particular focus on enforcement.
